Lepton flavour violation (LFV) has been proposed as a significant test of supersymmetric unification. Here we show that such signals are also a generic feature of supersymmetric string unified models in which there is no simple unified gauge group. In realistic models of this kind which involve third family Yukawa unification and large values of tan β, there are generally heavy right-handed (singlet) neutrinos of intermediate mass M ν , whose couplings violate lepton flavour. To illustrate these effects we calculate the rates for µ → e + γ and τ → µ + γ in the minimal supersymmetric SU(4) ⊗ SU(2) L ⊗ SU(2) R model. Including only the minimum irreducible contributions, we find that both rates are enhanced relative to similar models with low tan β, with τ → µ + γ providing a decisive test of such models in the near future.
Introduction.
Recently there has been much interest in lepton flavour violation (LFV) as a probe of physics beyond the standard model triggered by the observation of Barbieri and Hall [1, 2] that processes such as µ → e + γ might be very good low energy signals of supersymmetric grand unified theories (SUSY GUTs). In the standard model separate lepton numbers L e , L µ , L τ are exactly conserved, which explains the absence of LFV to remarkable accuracy (the present limit on the branching ratio for µ → e + γ is approaching 10 −11 .) Even if small neutrino masses are introduced into the standard model, thereby violating separate lepton numbers, the effect on µ → e + γ is very small, since the amplitude is proportional to ∆m large contributions to LFV processes [3] .
One way to avoid conflict with the experimental limits is to invoke some supergravity (SUGRA) theory [4] which leads to universal soft parameters at the Planck scale [5] . In the absence of radiative corrections the selectron mass matrix in the basis e,ẽ c * would look like 
where m e is the electron mass matrix, I is the unit matrix, and m 3/2 , A are universal soft parameters. Clearly each 3 × 3 block of the selectron mass matrix becomes diagonal in the basis in which the electron mass matrix is diagonal, which implies no LFV. Any violation of universality will lead to off-diagonal elements in the 3 × 3 blocks of the slepton matrix in the charged lepton mass basis, which implies LFV. In the minimal supersymmetric standard model (MSSM) this result is preserved even in the presence of radiative corrections. This is because the renormalisation group (RG) equations do not generate any off-diagonal elements for squark masses in a basis in which the charged lepton Yukawa couplings are diagonal. Clearly if the universality assumption is relaxed then arbitrarily large LFV is possible in the MSSM.
The observation of Barbieri and Hall is that with SUSY GUTs LFV is unavoidable, even with the assumption of universality. Part of the reason is that in GUTs, quarks and leptons share a common multiplet so that the lepton sector is contaminated by the flavour violating quarks. Without SUSY such an effect, though present, would be generally very weak as it scales with an inverse power of the scale of the unification scale M GU T . However in the presence of SUSY the RG running of the slepton masses between M P and M GU T causes the LFV to be imprinted onto the slepton masses, which are no longer diagonal in the basis in which the leptons are diagonal. Below the GUT scale the MSSM RGEs then ensure that the LFV effect is preserved down to the TeV scale where it may lead to sizeable contributions to physical processes.
Although LFV can be interpreted as a signal of SUSY GUTs such as SU (5), SO(10) [1, 2] similar effects can be achieved without the presence of a GUT gauge group, even assuming strictly universal soft parameters at M P . For example, simply adding a right-handed neutrino to the MSSM (MSSM+ν) [6] will generate LFV effects due to the fact neutrino that (Dirac) Yukawa couplings are not diagonal in the basis in which the charged lepton Yukawa couplings are diagonal. In the charged lepton mass basis the non-diagonal neutrino Yukawa matrix will generate off-diagonal slepton masses due to the RG running of the slepton mass matrix between M P and the scale M ν , where M ν is the Majorana mass scale of the right-handed neutrinos. This will result in low energy LFV effects rather similar to those in SUSY GUTs, but without any underlying GUT gauge group. However the MSSM+ν theory is rather unconstrained compared to SUSY GUTs, and it is of interest to see if similar effects could occur in other better motivated, but non-GUT models. In particular we have in mind string-inspired models which do not involve a simple gauge group, but where the gauge couplings are unified at the string scale.
In this paper we shall focus on a particular recently proposed string-inspired model, the minimal supersymmetric SU(4) ⊗ SU(2) L ⊗ SU(2) R model [7] (see also [8, 9] ). In this model, quarks and leptons are unified into common multiplets, but there is no simple GUT gauge group. Instead the gauge couplings are unified with gravity at the string scale. In the minimal version [7] the only source of LFV in the 422 model is via the right-handed neutrino couplings, as in the MSSM+ν model.
However, unlike the MSSM+ν model, the minimal 422 model is much more highly constrained. For example in minimal 422 there is complete Yukawa unification for the third family top, bottom, tau and tau-neutrino Yukawa couplings, which automatically leads to the prediction of a large ratio of Higgs vacuum expectation values (VEVs) with tan β in the range 30-60 [10] which lies beyond the scope of the results presented in [6] . As discussed in [11] the large tan β region involves some new effects which were neglected in previous treatments, and we are careful to include all relevant effects here.
It is worth comparing the minimal string inspired SU(4) ⊗ SU(2) L ⊗ SU(2) R model to SO (10) , which also may have Yukawa unification. In SO(10) colour triplets with couplings to fermions are inevitably present in the effective theory beneath M P .
Indeed in SU(5) this is the primary source of LFV. But in minimal 422 such colour triplets, although genericaly present, do not couple to fermions, and play no role in LFV. 3 In general it is easy to introduce new sources of LFV, for example via LFV soft mass terms which for example may be controlled by additional U(1) X gauged family symmetries [12] . Our approach here is to consider the minimum irreducible amount of LFV associated with this class of model. Such an approach allows unavoidable constraints to be placed on the model from the experimental limits on LFV.
Concerning our results, we find that the diagrams involving sneutrinos and charginos in the loop are found to give the dominant contribution to µ → e + γ and τ → µ + γ .
The off-diagonal sneutrino masses, which are responsible for LFV, receive contributions from two distinct sources: F-term Dirac neutrino masses (which always occur at the electroweak scale despite the fact that the right-handed neutrinos are much heavier) and RGE evolution in the high energy region between the Planck scale and the right-handed neutrino mass scale. Although both effects result from the neutrino Yukawa couplings, they enter with opposite sign, and can lead to cancellations in some regions of parameter space. Nevertheless in the minimal supersymmetric
with realistic masses and mixing angles, we find that generally that the rates are enhanced relative to the low tan β case due to increased 12 and 23 family mixing effects. In particular we find that the predicted rate for τ → µ + γ is quite close to the current experimental limit.
The organisation of the rest of the paper is as follows. In Section 2 we review the minimal 422 model. In Section 3 we describe in detail how the model was implemented giving particular emphasis to boundary conditions of the RGEs. Section 4 is devoted to a detailed analysis of the one-loop decay µ → e + γ and τ → µ + γ . Section 5 contains our conclusions.
The Model.
Above M P S we have adopted a model with unified gauge group [8] 
Here we briefly summarise the parts that are relevant for our analysis. For a more complete discussion see [9] . The left-handed quarks and leptons are accommodated in the following F = (4, 2, 1), F c = (4, 1,2) representations :
This model has Yukawa unification for the third family [13, 14] which leads to a large top mass m top > 165 GeV and tan β ∼ m top /m bottom . First and second family Yukawa couplings are effectively generated by non-renormalisable operators which are suppressed by powers of a heavy scale M > M GU T . In the 422 model, these operators can be constructed from different theoretical group contractions of the fields such as [15] :
The idea is that when the heavy Higgs develop their large VEVs such operators reduce to effective Yukawa couplings of the form F c λF with a small (M
Assuming a (well motivated) texture [17] for the Yukawa matrix at M P S and suitably choosing a set of operators, successful predictions can be made for some SM parameters. Vertical splittings within a particular family are accounted for by group theoretical Clebsch factors [15] . A detailed analysis of this approach for the 422 model can be found in [18] . The non-renormalisable operators involving the right-handed neutrino result in Majorana masses of the form 1/2 M ν ν c ν c , where
which enables right-handed neutrinos to decouple at the scale M ν , leading to a GellMann-Ramond-Slansky see-saw mechanism.
The D field doesn't develop a VEV but the terms HHD and H c H c D combine the colour triplets parts of H, H c and D into acceptable GUT scale mass terms [9] .
We note that the 422 symmetry also allows the couplings :
which obviously would generate additional LFV signals. However these may be forbidden by a global R-symmetry [7] . Their exclusion here is in keeping with the general philosophy of the approach which is to consider the minimum amount of irremovable LFV in the model, so that LFV becomes an unavoidable signal of the model.
Procedure.
In this section we describe how the 422 model was implemented. We considered three fundamental scales : M SU SY which was assumed to equal the top mass, M GU T ∼ 2 ×
10
16 GeV the scale of coupling unification and M P lanck ∼ 2 × 10 18 GeV. An additional scale M ν describing the energy at which the right-handed neutrinos decouple via see-saw mechanism was introduced. Cosmological constraints require 10 10 GeV ≤ M ν ≤ M GU T [19] . Experimentally viable boundary conditions were imposed at each fundamental scale and we used one-loop matrix RGEs [20] to relate parameters at different energies (particle threshold effects were ignored).
We now turn to describe the algorithm of the program. Since we want to achieve to see if they actually lead to 3FYU. This is unlikely to happen in the first attempt therefore we induce slight changes in our initial guesses and repeat the above process again. After a few iterations it starts to be obvious that some guesses are more sucessful than others. These are subjected to further pertubative analysis allowing more precise GUT unification. This recursive approach is repeated many times until the condition λ t = λ b = λ ντ = λ τ is verified to a satisfactory accuracy (typicaly 1%). At this point some comments are worth making. The running of masses to M SU SY was done using Standard Model RGE (one-loop QED, three-loop QCD [22] ) and it is necessary as it provides important mass corrections especially for light quarks. After the whole iterative process is complete we are left with predictions for our guesses based on the assumption of 3FYU. At M P S , we must match all the Yukawa matrix couplings to the ones which can be obtained from non-renormalized operators like Eq. (8) . These new Yukawa matrices are not unique. However they are constrained by the fact that they must predict the same (known) physics as the ones they replace, i.e. both must have identical eigenvalues and quark mixing angles (for the sake of simplicity we did not considered CP violating phase). Several forms of these Yukawa matrices were extensively studied in [18, 10] for the 422 model. Here we will only consider the following particular one 4 :
We briefly explain their form. [10] we shall assume that M ν is proportional to the unit matrix. This rather ad hoc assumption at least has the virtue that it leads the result that the modulus of the 5 Actually, since the (n = 2) Y 1 operator has a vanishing Clebsh for the up-type fermions, we are forced to introduce a further Y n=3 operator in the 12 position, if we want to avoid a massless up quark.
leptonic CKM matrix elements are equal to those calculated just from the Dirac neutrino mass parts [10] . It also means that the physical neutrino masses are determined by a single mass parameter which we continue to denote by M ν , where this parameter henceforth refers to the overall factor multiplying the unit Majorana matrix rather than the matrix itself. With a suitable choice of M ν this simple assumption leads to a physical muon-neutrino and electron-neutrino mass spectrum suitable for the MSW solution to the solar neutrino problem, with a tau-neutrino in the correct range for hot dark matter, and with muon-tau neutrino oscillations in the observable range of the CHORUS experiment [10] . If this assumption is relaxed one would generally expect qualitatively similar effects both in the neutrino spectrum, and in the physics of LFV considered here.
After having set experimentally viable Yukawa matrices at M P S , according to the above boundary conditions, we used 422 RGEs (see Appendix 2) to run them to M P .
In this high energy region we treated the theory described in Section 2 in the following effective way. To begin with we regarded the non-renormalisable operators as yielding four effective Yukawa matrices, whose RG evolution is described by standard RGEs appropriate to the larger gauge group SU(4)⊗SU(2) L ⊗SU(2) R . The terms involving the singlet S which give rise to an effective µ parameter below the scale M P S , were regarded as an effective µ parameter above this scale similar to the MSSM. Finally we allowed extra D and other superfields to be present above the scale M P S in order to keep the one-loop beta functions of the SU(4) ⊗ SU(2) L ⊗ SU(2) R gauge group equal above this scale, and so allow string gauge unification at M P [15] . Since such additional superfields do not couple to the quark and lepton superfields their presence will have no effect on the LFV predictions at the one-loop level, apart from the indirect effect via the gauge couplings.
At M P boundary conditions were chosen to reduce the most the number of independent parameters :
(universal soft masses),λ i = Aλ i (proportional soft Yukawa matrices). With this choice we kept sources of LFV (mass splittings and CKM entries) at a minimum. A departure from the latter two conditions would introduce right from the start LFV signals therefore the results can be interpreted as the irreducible minimum amount of LFV arising from this model.
The next obvious step was to run all the above parameters again down to M SU SY , dropping terms from the RGEs involving right-handed neutrinos and sneutrinos below M ν . At the low energy SUSY scale we were finally able to set the superpotential Higgs parameter µ 2 and soft Higgs massμ 2 . These were the last parameters to be defined because they obey the following two conditions : 
In order to recover the traditional interpretation of the VEVs, they must satisfy :
Which after simple algebraic manipulation leads to (15, 16) , except for obvious replacement of v u , v d by the more convenient set tan β, m Z . From (15) we see that µ is determined up to a sign, however we found that for large tan β this arbitrariness was not relevant.
The physical origin of LFV in this model is now clear. The Yukawa coupling matrices are effectively split into λ u , λ d , λ e , λ ν . These matrices are not equal but related to each other by different Clebsh factors. Since λ e = λ ν one is introducing a CKM like mixing matrix on the lepton sector which gets imprinted onto the lefthanded slepton masses due to the RG running between M P and M ν (below the scale M ν the terms involving the right-handed neutrinos are dropped from the RGEs). It is clear that, for example in a basis in which the charged lepton matrix λ e is diagonal the neutrino matrix λ ν will be non-diagonal, leading to off diagonal contributions to the left-handed slepton masses of the form
It is interesting to note that in SU(5) LFV develops differently. In this model, there is no right-handed neutrino, however, LFV does arise from the presence of Higgs colour triplets which mediate tree level leptoquark interactions, which again leads to off-diagonal slepton masses due to RG running between M P and M GU T . SO(10) is an example in which both the mentioned LFV processes are active [23, 11] .
4 The Processes µ → e + γ and τ → µ + γ.
Formalism.
The effective Lagrangian and branch ratio for the decay µ → e + γ are given by :
In their most general form, the one-loop amplitudes
given by a sum of many terms [6] most of which of negligible importance. For sake 6 There is also an F-term contribution of opposite sign as discussed in Appendix 5.
of simplicity we consider only the dominant contributions :
here written in a notation, which we now explain. In all expressions summation over the family index A = 1 . . . 3 is to be understood (Ȧ = A + 3). The factor x = m µ /(cos β m W ) and the matricesŨ and the other factors occuring in these expressions are defined in Appendix 3.
We now discuss the phenomenology of equations (23)- (27) . The amplitude A L ≪ A R because in the 422 model LFVs associated withm . Thus we will keep our attention on A R 1 , A R 2 and A R 3 which are associated with the diagrams in Figure 2 .
μ R µ e Figure 2 . Dominant supersymmetric diagrams involved in the decay µ → e + γ .
In these, a cross over slepton (dotted) line is introduced to remind us of aŨŨ product dependence. Similarly, the blob over chargino-
We stress that, though it is tempting to make a straight analogy with the perturbative mass insertion method valid when tan β is small, such comparison must be taken with great care. For example, if tan β is big
Nevertheless Figure 2 is useful to the extent it identifies which supersymmetric states are directly involved in each diagram.
The neutralino contributions are A R 2 which describes LFV arising from left-
LL T e † = 1) and A R 3 which is related with mixing of chi- We now focus on the behaviour of A R 1 itself. Defining ∆ = Const. × A R 1 = ∆ 12 + ∆ 23 (J A = J 21A and using approximate unitarity ofŨ n LL ) gives :
The above results allow a direct interpretation of LFV in terms of e−µ, µ−τ splittings in Figure 5 and J e − J µ whose scaling with m 0 is shown in Figure 6 . If tan β is small then |∆ 23 | ≫ |∆ 12 |, while as Figure 5 shows for large tan β over much of parameter space we find |∆ 12 | ≫ |∆ 23 |. The empirical effect we observe seems to be related to the large tan β result that λ µ ≫ λ charm , which tells us that second family Yukawa couplings receive an overall enhancement and this is responsible for the increase in 12 family splittings. It turns out that the 23 family mixing is also substantially increased in this model, but for µ → e + γ this effect is killed by the small 13 family mixing factor. For τ → µ + γ , on the other hand, the rate here is controlled exclusively by 23 family mixing and we find a large enhancement in this case.
Overview of Results.
In GeV and M ν = M GU T . In Figure 7 we plotted the slepton spectrumm l . Due to large tan β, for decreasing m 0 , we verify that the lightest sleptonl τ R is rapidly driven negative, on the other handl τ L is pushed upwards and forced to be the heaviest sparticle. This phenomena are absent in conventional low tan β models. Figure 8 which displays sneutrino massesm n is interesting because it shows that we do not always havem ne ∼m nµ >m nτ . This relation is inverted for low m 0 due to the reverse hierarchies in the matricesm L and m ν . The neutralino particle spectrum is shown in Figure 9 . We now consider the branch ratio µ → e + γ. In Figure 11 GeV. The fact that A R 1 can be ∼ 0 makes this model hard to be excluded as a possible GUT candidate because even if the experimental limit on the branch ratio value gets as low as 10 −16 one can still argue that we have a very predictive model 8 . Figure 12 gives the branch ratio dependence on M ν , the variations being due to the presence (absence) of right-handed sneutrinos in MSSM+ν (MSSM) above (below)
M ν . The variations with A 0 are plotted in Figure 13 . When tan β is big the sparticles mass matrix is explicit independent ofλ e,ν . Since RGEs care only aboutλ In Figure 14 we show the BR(τ → µ + γ ) which is experimentally constrained to be less than 4.2 × 10 −6 . This limit demands, for light M 1/2 < 50 GeV even heavier SUSY particles than the ones imposed by µ → e + γ . For 
Results Near the Experimental Limits.
It is clear from the results so far that the interesting region of parameter space from the point of view of the LFV processes corresponds to relatively low values of soft SUSY breaking parameters, say m 0 < 500 GeV and M 1/2 < 200 GeV. In this subsection we shall concentrate on this region, and examine the relationship between LFV processes and direct experimental bounds on the particle mass limits coming from LEP, for example.
In Figure 15 we show the branch ratio for µ → e + γ for a range of m 0 < 500 GeV In this model the spectrum in completely determined by the values of the input parameters, in particular m 0 and M 1/2 , with very little sensitivity to M ν for example.
It is clearly of interest to compare the direct experimental limits which may be placed of these parameters, from LEP for example, to the indirect limits coming from the LFV processes we have considered. Therefore we present a series of plots which give a detailed exposition of the sparticle spectrum in the low mass region where experiments are sensitive to LFV processes.
We begin in Figure 18 by showing the spectrum of charged sleptons for a fixed GeV. Figure 19 shows the very weak dependence of the lightest slepton mass on M 1/2 .
The corresponding sneutrino masses in Figure 20 have a similar mass dependence but are somewhat heavier. The strongest constraint on M 1/2 comes from the lightest charginos and neutralinos in Figure 21 . The full spectrum of charginos and neutralinos, for a fixed value of m 0 = 300 GeV, and varying M 1/2 , is shown in Figure 22 .
The current published LEP2 limit on chargino masses is around 85 GeV [25, 26, 27, 28] . This bound does not include analysis of the most recent runs, which will increase this limit to about 91 GeV. A chargino mass limit of 91 GeV would correspond to 
Conclusions
The main qualitative conclusion of this study is that LFV is not a unique prediction of SUSY GUTs, but is also found in certain string-inspired models which do not possess a simple gauge group. In order to illustrate this we have calculated the minimum irreducible contributions to LFV in a string-inspired minimal SU ( model is similar to the one in MSSM+ν but here involves a much more constrained parameter space, leading to a range of tan β outside that previously considered. Also previous studies on the fermion mass spectrum in this model lead to a set of well defined mixing angles which enable precise predictions of LFV to be made. The dominant contribution was seen to come from the amplitude A R 1 corresponding to sneutrinos and charginos in the loop, with the LFV controlled by the off-diagonal contributions to the left-handed sneutrino mass squared matrix. In Appendix 5 we saw that the positive off-diagonal contribution from the F-term neutrino mass must compete with the contribution arising from high energy RGE running effects in the high energy region between M P lanck and M ν which is negative and tends to cancel the F-term. The combined effect of these two terms is largely responsible for the resonant suppression of the rates for µ → e + γ and τ → µ + γ seen in Figures 11 to 14 .
The main quantitative conclusion is that the LFV rates in these models are substantially enhanced compared to other models. This conclusion is based on values of mixing angles taken from previous studies of the fermion mass spectrum in this model. The enhancement effect is well illustrated by the detailed analysis of the parameter space near the current experimental limits given in Figures 15 to 22 . In particular we find that the current limit on τ → µ + γ is very close to the predictions of this model, especially for the lower values of right-handed neutrino masses which are well motivated by the physics of neutrino masses. If the experimental bounds on τ → µ + γ were improved by one order of magnitude then this model would become severely constrained, providing a decisive test of such models. Since we have concentrated on the minimum irreducible amount of LFV in the model, failure to observe τ → µ + γ at its predicted rate would enable such models to be experimentally excluded. More optimistically a direct observation of τ → µ + γ could provide an indirect discovery of supersymmetry in general and large tan β string-inspired models in particular.
Appendix 1: Effective Theory Below M P S .
Below the 422 breaking scale M P S ∼ 10 16 GeV, the model effectively reduces to the MSSM+ν model. The effective Lagrangian is given by summing the superpotential, scalar potential, scalar and gaugino mass contributions
each of which we have written in the following form :
which defines our conventions and notation for the soft parameters in the low energy effective theory.
Appendix 2: RGEs.
This appendix lists the one loop RGEs which we used to run the parameters between M GU T and M P lanck using the effective 422 model as decribed in Section • The gauge group factors are given by :
The bs displayed above account only for the contributions coming from the F , F c and h multiplets. More generally one can write :
Where the second term refers to n H L copies of the Higgs H, H c as in (5), the third for n H R copies of GUT Higgs H R , H c R in (4, 2, 1), (4,2, 1) and the last for n D copies of D sextet fields in (6, 1, 1) . These extra fields are necessary in order to guarantee that the gauge couplings remain unified above M P S [15] .
• Running of gauge couplings and gauginos :
• Running of superpotential Yukawa couplings :
• Running of Higgs parameter :
• Running of soft triliniar Yukawa couplings :
• Running of Higgs masses :
The left-handed sneutrino mass matrix is given by :
We denote the eigenvalues ofM n2 andM l2 bym
) respectively. TheŨ s are given by :
Finally we provide the expressions for J and H :
Here g p,q = (g ′ , g, g, g) and the function J (H) arises from chargino (neutralino) loop integration [6] . The (supersymmetric state) indices i, j, p and q can take values
) the 4 × 4 neutralino mass matrix M N which has eigenvalues m Nr .
9 Note that the neutrino Dirac masses contribute to the left-handed sneutrino masses even though the right-handed (singlet) neutrino superfield is very heavy ∼ M ν . Such terms arise from the F-terms F ν c which do not involve the heavy ν c field. Also note that, since m ν = v u λ ν , we have m ντ ∼ m top , therefore for low m 0 , M 1/2 it is not true thatm L ≫ m ν . Furthermore in expression (41) we have negleted terms of order m ν /M ν which is perfectly valid (The same however does not apply to the analogous contribution to the mass of left-handed neutrinos, since they are made massive exactly because of left-right mixing through λ ν ). 
The results in Tables 1-4 In Table 1 , we show the values that the Y operators appearing in equations (11)- (14) take at the GUT scale, for two values of M ν = M GU T and M ν = 2 × 10 12 .
Operators B and 33 can be seen to be the most sensitive to M ν . In Table 3 we include the remaining V Q and V L entries not present in Table 2 (M ν = 2×10 Table 3 are generally not as stable to RGE effects as the ones in Table   2 . And finally because we wanted to call attention to the fact that the values that are actually used when we computed LFV processes, denoted by Output , are not exactly the same as the ones we have available from experiment Input . The discrepancy arises when we replace the GUT Yukawa couplings by others parameterized by our set of operators arranged in a successful 'Texture'.
11 It is relevant to note that the Y operators were chosen because they can, not only account for the experimental fermion mass pattern but predict successfully 'natural' mixing angles as well. By this we mean that we were careful to select them in such a way that none arises as the residue of an almost complete cancellation of the contributions coming from the up and down Yukawa matrices. Table 4 , we present the predictions for some fermion masses. Appendix 5: Analysis of Suppression in LFV Decays.
In this appendix we investigate the origin of the suppression in the LFV decays observed in Figures 11-14 . In section 4.1 we showed that the amplitude A R 1 gave the dominant contribution to the LFV branching ratios (see 
In the basis in which charged leptons are diagonal we write
and one immediately recognises the SUSY T eT L † and non-SUSY T e T ν † mixing matrices reflecting the mismatch between the scalar-fermion (superpartners) and chargedneutral lepton eigen-mass basis respectively, which leads to LFV. As we shall see the LFV contributions coming fromm 2 L and m 2 ν in (49) add destructively and it is this effect that, for some small regions of the available parameter space, leads to LFV being resonantly suppressed.
Now we would like to make some simple analytic estimate of this effect, which we shall do by examining the off-diagonal contributions toM 
where ∆E = ln(M P lanck /M ν )/16π 2 . In order to illustrate the origin of the suppression in LFV processes in this model, it is convenient to adopt a set of simplifying assumptions which will make the argument clearer. We start by fixing A 0 = 0 and M ν = M GU T , therefore concentrating only on the Planck scale m 0 , M 1/2 parameters. Additionally it is useful to consider a basis in which the λ e coupling is diagonal. This means that all LFV will be accounted by off-diagonal λ ν entries. Finally we introduce a particularly relevant second order effect in (50) which changes 
The essential point is that the off-diagonal terms in the matrix contain two contributions: the first from the Dirac neutrino mass matrix squared (arising from the or to check the higher sensitivity to M 1/2 for the tau relative to the muon decay.
